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Entire TRPES spectra. Figure S1(a) and (b) show two different eBE regions of the same TRPES
spectra measured as a function of delay time between the pump and the probe pulses. The static

photoelectron spectrum of furan (Fig. S1(c)) was measured using the 14-eV source in our

laboratory.
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Figure S1. TRPES spectra in (a) lower and (b) higher eBE regions. (c) Static photoelectron

spectrum of furan.



Lower- and upper-state potential energy surfaces. eBE depends not only on a lower (i.e.
neutral) state potential energy surface, but on difference between lower and upper (i.e. cationic)
state PESs. Furan has a planar equilibrium geometry both in the neutral ground state Sy and in the
cation ground state Dy. For S this can be explained by aromaticity, while for Dy this is proven by
geometry optimization at the DFT level of theory. The harmonic frequencies are all positive
confirming that the planar geometry is indeed a minimum. The puckering of the oxygen out of the
molecular plane therefore raises the energies of both Sy and Dy. As the conical intersection is
approached, the potential energy surfaces of Sy and Dy move in parallel and go up steeply. On the
other hand the energy of the S; state decreases until the S; and S, states cross at the conical
intersection. Based on this reasoning we can qualitatively draw the energies of Sy, S; and D, along
the reaction coordinate in Fig. S2. Clearly the vertical ionization energy from the current electronic
state to Dy increases (orange arrows in the sketch). In our trajectory-based simulations we observed
exactly this predicted behavior as can be seen in Fig. 2b of our previous publication'. Accordingly,
in TRPES, motion toward ClIs on the excited-state surfaces are observed as a gradual spectral shift

toward higher eBE>3.
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Figure S2. Qualitative sketch Sy, S; and D state energies along the reaction coordinate connecting

the ground state minimum and the puckered conical intersection geometries.
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Contribution of cationic excited states in the simulated TRPES spectra. In the simulated
TRPES spectra (Fig. 2(b)), we have only taken account of the cation ground state (D;) when
computing vertical ionization energies, although the cationic excited states (D,) are also
energetically accessible (see Fig. S3). This can be rationalized by Koopmans’ correlation; the Dy(m
1) state is dominant when photoionization occurs from the 'B,(nn*) excited state [Arrow (i) in Fig.
S3]. On the other hand, photoionization to the D, states as well to the D, state can contribute to
the photoelectron signals when photoionization occurs after returning to the ground state [Arrow
(i1)]. The contributions of the cationic excited states leads to spectral broadening toward higher
eBE*. However, it appears the feature associated with the nonadiabatic transition (i.e. the kink) in

the TRPES spectra remains preserved®.
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Figure S3. Energy level diagram of furan.
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Spectral intensity calibration using He(I) reference spectrum. The transmission efficiency of
our apparatus drops largely for low-energy photoelectrons (PKE < 0.5 eV). In addition, the
efficiency also gradually declines for high-energy photoelectrons. It appears that high-energy
photoelectrons hit the entrance skimmer and/or solenoid tube of our magnetic-bottle photoelectron
spectrometer and are unable to reach the detector. Figure S4(a) shows the static photoelectron
spectrum of furan measured in our laboratory (identical with Fig. S1(c)). The relative intensities
of the two bands (~9.1 and ~10.5 eV) differ from those of a He(I) reference spectrum’ (dashed
curve in Fig. S4(b)) by a factor of around three. This difference may be attributed to the non-
uniform transmission efficiency of our magnetic-bottle photoelectron spectrometer. For furan,
relative photoionization cross sections of the first two bands stay similar for photon energies from
15 to 25 eV°. Assuming that this trend also applies for 14 eV, intensity calibration to match the
He(I) reference spectrum was performed (solid curve in Fig. S4(b)). Since there exist only two

peaks in the displayed region, a linear function was used as a scaling model.
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Figure S4. (a) Static photoelectron spectrum of furan measured using the 14-eV source in our

laboratory. (b) Calibrated (solid) and He(I) reference (dashed) spectra.
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Experimental and calculated vertical ionization energies of furan and 1,3-butadienal. Figure
S4 shows experimental and calculated vertical ionization energies of furan and 1,3-butadienal (a
ring-opened isomer of furan). The static photoelectron spectrum of furan is shown in Fig. S1(c).
That of 1,3-butadienal was reported by Mohmand et al.”, in which there exist two bands (~8.7 and
~11.3 eV) in the displayed eBE region in Fig. S5. These experimental vertical ionization energies

could be reproduced within 0.3 eV in our calculations.
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Figure S5. Experimental and calculated vertical ionization energies of furan and 1,3-butadienal.
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Subsequent ground-state reactions after passing through the puckering CI. We argued that
vibrationally excited furan is predominantly formed by nonadiabatic transition to the ground state,
and that subsequent reactions proceed in the ground state at later time?. Fig. S6 shows a snapshot
of intermediate photoproducts at 7 = 2 ps as a consequence of the ground-state reactions obtained
by the TDDFT simulations. The by far largest portion of trajectories (~94%) remains in the region
of furan and the related oxabicyclopentene; in the furan molecule after passing through the
puckering CI, the oxygen swings back and forth wildly, taking the geometry from
oxabicyclopentene to planar furan and back to oxabicyclopentene with the oxygen on the other
side of the ring. Therefore, it is not easy to discriminate trajectories found as furan and
oxabicyclopentene in the vibrationally excited states, and there exists substantially large
uncertainty in the simulated QY of oxabicyclopentene (7 = 0.00 ~ 0.23). Meanwhile, they could
also turn into cyclopropne-carbaldehyde (7 ~ 0.03), when the valencies on the carbon atoms are
saturated by forming a cyclopropene ring. Accordingly, the simulated total photoproduct QY is 7
=0.04 ~ 0.3. This appears qualitatively consistent with the experimental one (7 = 0.09).
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Figure S6. Snapshot of optimized photoproducts after 2 ps sorted by their abundance.
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